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■ RESEARCH LETTER ■
A healthy 40-year-old, gravida 2, para 1, woman under-
went amniocentesis at 16 weeks of gestation because of
her advanced maternal age. Cytogenetic analysis of cul-
tured amniocytes revealed mosaicism for tetrasomy
12p, or 47,XX,+i(12p)/46,XX (64%/36%; 16 colonies/9
colonies). The parental karyotypes were normal and the
pregnancy was subsequently terminated. A 399 g fetus
was delivered with a craniofacial appearance character-
istic of Pallister-Killian syndrome (PKS). The clinical find-
ings for this case were described previously [1]. Postnatal
cytogenetic analysis revealed a 47,XX,+i(12p) karyo-
type in 100% (30 of 30) of cultured umbilical cord
cells and a 47,XX,+i(12p)/46,XX karyotype in the cul-
tured cells of fetal skin and liver. The level of cells with
tetrasomy 12p was 53% (16 of 30) and 60% (18 of 30)
in skin and liver, respectively. Genomic DNAs were iso-
lated from parental blood, umbilical cord blood and
the uncultured tissues of umbilical cord, placental cho-
rionic villi, amniotic membrane, liver, and skin. Quan-
titative fluorescent polymerase chain reaction and
polymorphic short tandem repeat markers specific for
chromosome 12p and chromosome 12q were used for
determination of aneuploidy, possible mechanism of
formation and parental origin of the isochromosome
12p (Table, Figure 1). The placental tissue exhibited 
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a biparental inheritance, and the amnion showed mater-
nal uniparental heterodisomy. Dosage increase of an
extra maternal heterozygous allele was noted in the tis-
sues of cord blood, umbilical cord, liver, and skin.
Molecular analysis showed that this case was most
likely the result of trisomic zygote rescue of a meiosis I
nondisjunction error of maternal origin and a post-
zygotic mitotic error (Figure 2).
PKS (OMIM 601803) is a dysmorphic syndrome
characterized by mosaicism for the supernumerary
isochromosome 12p. Chen et al [2] observed cytoge-
netic variability in the proportion of abnormal cells
between various tissues in prenatally detected mosaic
tetrasomy 12p. In a meta-analysis of the cases of prena-
tally detected or postnatally confirmed PKS, Chen et al
[2] reported that a false-negative result was found in
55% (12 of 22) of cases from blood lymphocyte cultures,
43% (3 of 7) of cases from chorionic villus sampling
(CVS) short-term cultures/direct preparations, 50% 
(1 of 2) of cases from CVS long-term cultures, and in
12% (3 of 25) of cases from amniocyte cultures. In the
present case, placental chorionic villi had a biparental
inheritance, the amnion had maternal uniparental het-
erodisomy, and umbilical cord, cord blood and fetal
skin and liver had a gene dosage increase of an extra
maternal heterozygous allele. The fetoplacental and
fetoamniotic discrepancies observed in this case im-
plies a limitation of using placenta and amnion as
confirmatory tools for mosaic tetrasomy 12p as de-
tected by amniocentesis. The present case indicates that
amniocentesis can provide a better genotype–phenotype
correlation compared with CVS in the diagnosis of PKS.
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Several mechanisms have been proposed to explain
the origin of the i(12p) in PKS. Hunter et al [3] proposed
de novo formation of the i(12p) from a trisomic zygote.
Rivera et al [4] and Struthers et al [5] suggested pre-
meiotic mitotic centromeric misdivision, nondisjunction
at meiosis I or centromeric misdivision at either meio-
sis I or II. Van Dyke et al [6] suggested a meiotic origin
of the i(12p) with nondisjunction at meiosis I resulting
Table. Molecular results using polymorphic microsatellite markers specific for chromosome 12*
Marker D12S1062 D12S372 D12S378
Locus 12p13 12p13 12q24.2–q24.3
Father
Blood 184, 184 188, 188 168, 168
Mother
Blood 176, 192 180, 196 160, 160
Proband
Cord blood 176, 184, 192† 180, 188, 196† 160, 168
Umbilical cord 176, 184, 192† 180, 188, 196† 160, 168
Placenta 176, 184 180, 188 160, 168
Amnion 176, 192 180, 196 160, 160
Liver 176, 184, 192† 180, 188, 196† 160, 168
Skin 176, 184, 192† 180, 188, 196† 160, 168



























Figure 1. Representative electrophoretograms of quantita-
tive fluorescent polymerase chain reaction assays at short
tandem repeat markers specific for chromosome 12p. With
the marker D12S372 (12p13), two peaks (maternal, 180 bp;
paternal, 188 bp) of equal fluorescent activity from two dif-
ferent parental alleles with a ratio of 1:1 in placenta indicat-
ing a biparental inheritance, and two peaks (maternal,
180 bp; maternal, 196 bp) with a ratio of 1:1 in amnion indi-
cating maternal heterodisomy. The three peaks (maternal,
180 bp; paternal, 188 bp; maternal, 196 bp) of unequal flu-
orescent activity (1:1: > 1) in cord blood, umbilical cord,
liver and skin indicated a heterozygous maternal origin of
isochromosome 12p.
in a gamete with a normal chromosome 12 and an
i(12p). Cormier-Daire et al [7] reported a case of PKS
as the result of a prezygotic event with a nondisjunction
event during maternal meiosis. Dutly et al [8] reported
a maternal origin of the i(12p) and formation of the
i(12p) because of meiosis II nondisjunction followed by
meiotic or postmeiotic mitotic misdivision and subse-
quent loss of the long arms in two cases and a post-
zygotic nondisjunction event in one case. De Ravel et al
[9] reported a paternal origin and postzygotic formation
of the i(12p) in a single case.
The present case was most likely caused by both a
maternal meiosis I nondisjunction event generating 
a disomic oocyte that resulted, upon conception, in a
trisomic zygote, and a postzygotic event generating
formation of i(12p) and mitotic nondisjunction
(Figure 2). Maternal heterodisomy in amnion occurred
through trisomic zygote rescue with loss of the chro-
mosome from the father and subsequent disappearance
of the trisomy 12 cell line because of the incompatibil-
ity of the life in trisomy 12. The trisomic zygote under-
went mitotic cleavage with isochromosome formation
and subsequent generation of a diploid biparental
46,XX cell line because of a mitotic nondisjunction.
The occurrence of only a diploid biparental 46,XX cell
line in the placental chorionic villi was due to the selec-
tion against the i(12p) cell line. The occurrence of only
an i(12p) cell line in the umbilical cord was due to the
disappearance of a normal 46,XX cell line.
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Figure 2. Schematic representation of the most probable mechanism of formation of an isochromosome 12p cell line, 
a maternal heterodisomy cell line and a diploid biparental cell line as found in the present case.
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